WAALBINRR

5 i= 1% 7l off 55 A
3R E_

REPORT OF

THE PORT AND HARBOUR RESEARCH
INSTITUTE

MINISTRY OF TRANSPORT

voL. 20 NO. 3 SEPT. 1981

NAGASE, YOKOSUKA, JAPAN




&

%

P ,s‘fﬁ‘

BEBEENEEHRYE (REPORT OF PHR.L)
2055 3% (Vol. 20, No. 3), 1981429 7§ (Sept. 1981)

Z| & (CONTENTS)

Analysis of Edge Waves by Means of Empirical Eigenfunctions

........................................................................ Kazumasa KAToH - 3
(REEREARIBUT X D= o STEOMRH-eereererrmeerrreeree e ence e ngE—IE)
SR AT AT S RO BIEGIRES o vvrereemrrrneeennns SHBE.--53
(Numerical Examination of the Measuring Technique of Wave Direction

with the ‘Covariance Method’ «-:tcorreerieieniiiiiiiiiieiiiiien. Yoshimi GOD A)

W OF DR OV TOERKIHE (B3H) —WOHEE L LKL
B i TOEE bR, BAILE—, FNiSt-- 93
(Experimental Study of Wind Waves Generated on Water Currents (3rd

Report) —Wave Forecasting Method and its Experimertal Confirma-
tion—-----eeee Hajima KATO, Hiroichi TSURUYA, and Hiroya TERAKAWA)

+EERD AT Y F ¥ BB LUALARALTORSE - RARS, £8 % 131

(Prediction of Differential Settlement with Special Reference to Variability
of Soil Parameters--:----«-++ Tatsuro OKUMURA and Takeshi TSUCHIDA)

MR T » bk A OBRIGEBN & AL
........................................................................ +H &’ BA % 169

(Observation and Analysis of Earthquake Response of a Coupled Pile
Offshore Platform «««--++ereeereveenene Shigeru UEDA and Satoru SHIRAISHI)



BORKGHERFRE
W ®3% (1981 9)

2. EAEEEE B o B RE 75 K O B R B R

4 B R #

B 5

FEROBENIIES - A0SR TERIEBRT WS, “hil, —DORIEENK T — 2 BRI %
IR TwiewZ EiRAT 3, AHETIR, RE 7ML 5KEEFAES X0 2 FRFEENT X 5 K0 F
FENEFREAEEL, BRIF— 2000 EIh3#HOEY AV TERRS IUCHREPEYEHETS
FHARERE L,

5k b L RENRRCRic5H s OFRET 5 X 5 k- HAHERRDHE, Longuet-Higgins D/RLic=>
DERDEHED 5 bOFHEWEI =D DEFOFRHMAEFEEZRT. L L, FEMIZOOEFADEH 90°
¥Bx 5L 2R ASEROAEI thicHAXRTOT, REEAE LTRTEHYTH 5. O, A
BREICIAKTE 2 HFHORITIL: CHREHAOEBRS ¥ BIE L TSR Y RO HLENDH B, T, 7R
hEED 25 2 — & — & LT Longuet-Higgins D#2% L 7- long-crestedness -2 5 £ — & — y (3= HHEEBE
R LUTAET eS80 DB, 0w, BRINF— 2 O®y AR E > CREMELIFEL LTHLL ¢
A ¥ER L

FE A7 bk LT Bretschneider —3tBRPHEE AR 2 4 LXBBFRBBEOAGEYERL, TH
AIEHOREY 1 v— v 3 YTV, 5FEE X 3 EAEHFROABERX BRI L, Ti, HBOSHY
FiEcRET 5 FEEAOHRERZE EROTEAEAEEEL, R £10°, 5hhh +£4° BEEL BET
bhte IHiT, 78 RAARY FAFEDCGHEBRRIRERAR? ' VEEORFPERERAEL T LI
XoT, ABEHEAR? A EFA—DOEBATERTE S LRI NI,

* KIER



REPORT OF THE PORT AND
HARBOUR RESEARCH INSTITUTE
Vol. 20, No. 3 (Sept., 1981)

2. Numerica]‘Examination of the Measuring Technique of Wave
Direction wjth the ‘Covariance Method’

Yoshimi Gopa¥*

Synopsis

The technique of wave directional c;bseriration is less advanced than that of wave height and
period observations, partially because of the lack of standarized method of data processing. The
present report examines the applicability of the covariance method, which yields the estimates
of wave direction and angular spreading parameter on the basis of the covariances between
time series data of wave motions. The wave slope measurements with a surface buoy and the
orbital velocity measurements with a two-components current meter are dealt with as the possible
source of data.

In a bimodal wave system, which is formed when wind waves and swell simultaneously come
from different directions, the mean wave direction, one of the two representative directions
defined by Longuet-Higgins, indicates an intermediate direction between the two incident wave
directions. The principal wave direction however indicates a direction outside the two incident
directions when the difference of incident directions exceeds 90 degrees. Thus, the principal
wave direction is unsuitable for the representative direction of bimodal wave system. The
directional wave observation should be done with the measurements of two horizontal and one
vertical components of wave motions so as to yield the mean wave direction.

The long-crestedness parameter y proposed by Longuet-Higgins is not an appropriate one

for the bimodal wave system. A proposal is made for a new parameter of angular spreading
called the mean spreading angle, which is obtained with the covariances of time series data.
Numerical simulations of wave profiles and motions are made with the directional spectrum
of Bretschneider-Mitsuyasu’s frequency spectrum and Mitsuyasu’s angular spreading function. =
The simulation confirms the applicability of the covariance method to unimodal and bimodal
wave systems. The standard error of directional estimation due to the statistical variability of
"sea waves is found to be a function of the mean spreading angle, and is evaluated as =+5
degrees for the mean direction of wind waves and =+2 degrees for the mean direction of swell.
The analysis is also made to the statistical variability of cross spectral density. Its coefficient
of variation is demonstrated to be the same with that of frequency spectrum when the geometric
mean of the two frequency spectral densities is employed as the mean value instead of the cross
spectral density itself.

* Director of the Hydraulic Engineering Division
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LtchinT, B4 PQ DEIRKRDOL STl B,
PQ = (I—X,)?+ (m— Yoyr="TH=lm) oy
I+m

2

>

(46)

FHEAR7 + L OFEOEROEEED HEEYF
UTCFEHL, chrx0kse—4 v CRE, FRAAR
7 P AOEED L OSBEENARD LN B, THhbb,

a1 (= (= (ml—im)?

=rTz’MM—‘—Zl_77iMn+l.2Mozl (48)
(2 +m*) Moo
ZZT, R, MOBGEERATEE
re M3 My —2Mi oMot M+ MicMos (49)
M+ M3) Moo

= OSBRI r REBORT Y FOOT, Thx¥is
BEECRLTZORFEYRAZ LTI, RDLS
TN HANELTE B,

—tan-t{ L
6.=tan (k)
=tan™!
{‘\/M——oo‘\/mano—ZMloMonMu+MM02}.
Mo+ M

(50)
B OB-3icw L BRIE O FRERRFIZOWT D
DEEHEAYHATIE, ROIIEERNRE DR
Bo

(Es+Eg)vE Egkakssin 22 D
ELR, +2E jE gk ok g cos 20+ Egky

LichinT, A0, 1lEm0E20 OBEIE LT
Exbhbz Eitlebe 55T, E ,=Eg Th 2 ky=kp D
W —HBERROBEI

sin 2Q
= e = 52
tan 6, 1T 50 tan 2, (52)

tanf,=
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THY, 0. Y FEADED 12 1ELL LB, Thbb,
FEA AR HABBROERMOEDIEL LTHE
THHT ExRET 5,

3. EERRY b LORES LU HEERE

3.1 —ARBRROHRERE
WD BE—DFE D HENL 0,6, &bz EREOHLO
HEEETOT, o CRRHAEFEORETHS r &
0. ' BOBICH LT EDOREDEYES & D2k RO
BEEAR7 PAYAGCTRELTRS, WE, HEAR
7 b0 —BHE LT AEEK - FAARROLOY A
4y,
S(f,0)=S(fIG(f, ), (53)
EFERL, BERAX7 & LT Bretschneider—
XEBTHD
S(f)=0.257H;,T;i f* exp[—1.03(Ty;5 /)41,
(54
TRAV-5,
JimBs L LTEFcos ™0 MEEL %, Tibb,
GCf.0)=G,(6)= {al cos 2(0—8,): |60—6,| <=/2,

0 2 |0—8,| >7[2.
(85)
I,
w2 -1 (2!
— 27, _—
“‘“[S_mws ‘9"0} =z @i 0

Fie, 0 REROFLOFETH 5,
FHAFEFEOHREYHEETH DI, HARAR7 b
NDE—AVIEFELEFTRIER GV, R D
E(,m) wB8TaH0% S(f,0) wBit+5 b o it
B, ROFRCET EELBED =5 1 ¥ — DS
CESSKOBBREFIATRIE LV,
E(l, m) dl dm=S,(k, 0) dk do

=S,(w,8) do db
=S(f,6) df do. 7
LihinT,
M,, =S:Sf‘5( £,8) k»*% cos * 6 sin 6 df df.

(58)
6 DFEBIEIC DV THBARZ bADO~2 %=
—A VI EREHETDE, KOBRVEORB, kIEL
HERHBICT 570 0,=0 ITHRE LBETD 5,

Moo=m3k»
—k 2[ oI 2 1

Mo m'n[cﬁ—1nz]2n+1’

M,,=0,
i 2n+1 9
=mX* "

My=m; mte’

mp={ SCOKAS. (60)
PEne—xv b a5 b RER T4 —2- 1K
DESERDOLND,
r=1~2n+1. (61)
JEBaE A cos O B &L 2ty L (RE) #Hnic
XoT—HBICEE Y, BERAR7 t LOBIMKHF
Lich,
—%, FHHEBA 0 RO L O CEEE RS,

_~NmIfm¥ 7 2n+1 [(Cun—1)!172
tan b, =—l="7 ¢2n+2[ @mil ]

(62)
=D 0 DA BB 0 12T Tl BBEEAS7 b
NOBBH A EE IR, AERO2ERICHI--T
FHEOLENER IR TS & 312, R0 EEIR
Mhk=4nifilg L BEX FHIh 50T, FEHHRMA O
KDEHSTCARZ P ABAT £ =5 — e #RIWTERE
ha, :

—_ 7 2n+1 [(@a—DIT?
i,
e= Tl ). ©
m=\"sCrrrar. (65)

BOWILF DAWHA =27 + L OB RFEFN K647
FIRbhB X5 P elfiTs i vbhs, C0F
B, R6D my O HETTBHE Mmoo kinh, el
Lich o T 0,-72 Lich, Lo L, — i ER OFER
b DEMREEREREE 4t Z LicfThh, Zod @Bish
5 REROFEIT ER(E fmax=1/24t EFET B, &
DD, ARZ PAEART A — & — € I b UIEENER
O, ARZ b ADE— 7 DEERY fr & LT fmax/
S DEFERIBIK & 7250 '

365D cos 270 B D EIBIRIL TRt B ic & & A5
LLEUIZAVbhaTREDS, BOEOHEBEHE L
TREZBHOORE Lk DR 0 » B RIE X
<HEET B,

G.(f,8)=a, cos w(i%‘&). (66)
ZZiT,

a,= [S‘_tcos 23(0—_20—"-):10:1-1. 67)

S= {Smax-(flfg)’ 2 f<fp

(68)
Smax*(fIfp) 772 2 f2/5
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SEA R & FI I B IHERE 07 A O BERYERY

i35, 640 Bretschneider— BB OPEF A~ 27
FAR VTR, ARZrADE—7 BERS LFE
EEYERR Ty ORI ROBEGERL D 5,

fy=1/(1- 05T y10)- (69)
D RBERFTEBEBO BEIL r X0, DFE L
LRI RS Z XTI LY. £ T, ABBDOFH
FARZ b ADE— £ v b BERSC L > TRDE
B B-7, 8 oAfiTR T, BIEMSL fmin=0.525f,
75 fmax T CORWEIEE % % MR €100 5EL,
—180°~180° DA% 72 %45 LT RAMAUTEHE
Lize EREI BT BANI b AE— 2 v+ OBERS
BANRTZDARIL L > T b

cos®g TYPE MITSUYASU TYPE
1.0 T T 1.0 T =T
~ 08| 4 osf 96 E
g IS
2 o6 n=1 1 o6 -1
T .1 ]
7]
@ 04— -1 Q4 -1
T = 1 0 ]
202 = -1 oz}~ '-
3 . — - — —
1 1yl | ! |||n-|!
o| 2 5 10 ol 2 S 10

Non-dimensional Cutoff Frequency ,fmax/fp

-7 EHEAR7  ADOEER AT A—F—7

cos™ 8 TYPE MITSUYASU TYPE
707 LR RARL 707 L RN
60°— 1 60°— -
é L K - n
2;: S0°— — 50% ]
a0} /;P///— a0 -
g 1L ° i |
o “;7—
S 30°H -1 30°— -1
& a2 . - .
§ 20"'-‘ n;\o H - 20°F -
2 R B 4
10°H - 10°}- -
o | IR KRR o | T WEET]
=2 35 10 =2 5 10

Non-dimensional Cutoff Frequency, fmex/fp

E-8 E#Ex 7 + A DFHEA 6.
B0-7,8 DXz cos 70 WOBAE T, HUIFFRNT
RbIfHEE A7 P A OBERSC X EN—FKTSHZ
ENBBINT VB 7 B LU0, OFE & SHEBIHD
HogarEid i, cos® BOHRNEL L >TW
B0 WOHMARZ b AEFAEAAIZOWTES LIc=3
A ¥ —DRIMMEE T2 cos 20 T L Smax=10 OIEZEH

BERAUERYEX3VThED, 120 T2 RRE
CIBENE LV, LttiaT, HEHLEL: LTOHE
HhEYET S L X, HABEBOBEBRRTHI &M
BHETH 5,

Fi, HRAEPEOKELLTOr L6 2HETS
&, BEOBOEXBLELLTWBERLNBEER
FEBEoBe, BEXRETHEELLND Smax=
10 LT ri2 0.9 L EnfEYx &5, Zhid y ORFAE
TH 5 1VIEDTIE o SHIEF LT O X Smax=101T
% LT 40°~60° Dfi TH->T BRMAETHH90° L b
M DPRE G, 2O ER—FHEERREZHEERR
B EEPED FEOMHET G T 5 LT FHSEA 0.
DFIFBRTCBZEXFRTHIDOTH D, LKL
0, DEBAWII fmax/fp DIET X - T 0, OfEN HLYE
T3z L ERTHILELRD D,

3.2 ZHMBRROKERM

FEEOHIK BT 5 - HAERRCII SR BEOEGE
PEETHH, 2 CRAMOFAERAR7 b X6
OISR FEBE TEX bhBBEEAR7 b (Thk
ZZTIREE O f » WHBRFEAR S b L EFRT
3) XA, T20X 5 3EHOWOEARITOWT
REFEAXHEL TR LR L, T XTEREEY
£L LT3, FHEMO O HEERY B9, A
6, DERNE-10 TH B, RFDEESD 01220
HOPRE[H» SR - e FERFOWR, Tibd 6:i=0
-8 Thr, THROBEHI_SOEHFO=FLF~D
R T2E2OFE[RO=FAF - DHRTH b, =D
T RAF-RTNTCEHEHES H, OBRCHKATS L
LTH;-T B, AL, FEETRTXUREERIC
HKoTwb0T, FHEKRIEROEMSECIZBIR L
Lo

®2 "“HAERROAGE

W OB A % ¥ B
EvR =
T1s(s) Smax Ti(s) Smax
(A) 10.0 100 10.0 100
(B) 8.0 10 12.0 100
(%)) 8.0 10 16.0 100

B-9% B3 &, EHOENE BELTOL EZ1z=%
AF - HizRIFREAI L TCESEA PEL LT3 A E
b, BROENTHAE Eizi 3 L FEEEROEITER
Bgicie b, ¥, A—#HiEoEF ASRADL I
ZODEFHD=FAF -G L& BRPBEREN PR
BEic—K T nED, GOAGRDOLETII=F
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(A) Tiys=10s & 10s

H B %

(B) Tvs=8s & I2s

(C) Tivza= 8s & I6s

" Smax =100 &100 Smax= 10 8 100 Smax= 10 & 100
W T T T T T T T T T T T T O e e i a
L. . -
60° 60°] 60°,
®
> 30° 30° 30°,
c
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S
£ o o° o°
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(o] 05 L.O o] 05 1.0 o 0.5 1.0
Energy Ratio, Ee/(EatEs)
B-9 HEA~z bric X 5THEFKRFROFELYE 0
(A) T3=10s 8 10s (B) Tva=8s 8 12s (C) Ti/a=8s 8 16s
max = °. Smex=10 & 100
90—y 90 8100 — 0 : -
60° 600
(5]
1
S
c 30° 30°
2
8
a ©0° o
g
=300 -30° -30°
o
k=
£
E_'GO -60
-90° -90° -
o 0 05 10 0
Energy Ratio, Es/(EstEs)
B-10 HEAR2Z A X D32 HEFEBROIHEN 6,
: (Ta :Ta) {Ta :Ted
1O T 1 7 105:10s |~C_ RS L 10s: 10s
TasTel Mid- Point of & u 9s:1is Ta/Te |- \‘\_\ - 9s:1ls
- by Spectrum N 8s:12s ~Mid- Point of 8, 8s:12s
o N 7s:13s |_ by Spectrum 7s:13s
0.5_ Lec.end i 6s:14s 0'5‘ Legend 6s:14s
B ~— Point Spectra B Ss:15s |. | = Point Spectra 5s:15s
© Sma=10810 O Smax= 108 10 %,
B -0—Sna* 10825 N [~ |~0~Sma=10825 .
B = Smes 108100 - |- Smas = 10 8100 |
o oy o s el BN S S S o  — —— ] S N TR S |
O Ol 02 03 04 05 06 O7 08 09 10 O Ol 02 03 04 05 06 07 08 09 10
(Ee/{EatEs))g.o (Es/(Ea+Es)lg,.0
B-11 SEEpmshRERE—K T3 =521 ¥ -1 B-12 FH@spREREC—FKTE =1 ¥ -}t

GEAR 7 » LI X B8)

F—H2§0.62 THebbEBRALBD =1 ¥ -0
FAW3:5 0 L B R PRERC—FKL, CD
HERTIE= I F - DEENHL:3TL IR —FKT
Bo THATH, HAFOMAEY OBEIIREY FIFHE

FEHARZ A X BE)
PREELTEEELL
70)

(z3E 0" e
EA+EB 6=6 1+(TA/TB)2'
BEHTHDD, Thitlh~5E=ia¥—n#s
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B AV A B ST X O BfEs et

b &d 0.5 DHCEL I »>TV B,

KEB-10%RB5E, 9=(0,—05)2 TEHIIBE
Fah45° R B B BEHIL X T XA 6, DE(LOIH
AN Ric2RE1AHELNTH B, Thid 2.3 Ol
BRT 5@ LFRIAI LS Y THD, T Q=
45°+4 0o D FHHT 5 FHEE D E{LH 0,—0=
+45° DBROLTTHHTH B & b RUBECHTHE
DEEHTHD, 1oL, 6,=0 LikBb=FAF-Hit
HAFEOBE L OENBED LN D, RAUEOHE R
s & Thus, ReerBEEr

(A) Tvs=10s & 10s
Smex=100 & 100

(B) Tws=8s & I2s

Ep _ 1
(EA'l‘EB )8p=9_1+(T4lT9)" (71)

H0,=6 Ll s =F A ¥ —[WORHRTHD. L L
AHEAFEOBEIL0,=0 L5 =3 ¥ - HHR MO
fEX D d 0.5 FHB)D T1,3=8s, Smax=10 &
T'3=125, Smax=100 D &R DB AIIL, A—HED
WHOMALTHEODHEELIZLALRLTH S,
T, 0 5B 0, BhRERS L—FTH=F
AF A4 OFR XU Smax DAL OWTH
IRV B 12 ThH D, RO = 2OWEFHD

(C) Twz=8s & I6s
Smax=10 & 100
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(o) 0.5 1.0 (o) 05 10 o] - 05 1.0

Energy Ratio, Es/(Ea+Es)
B-13 HEAS7 b kB HERBROWERE T A~ %~ 1

(A) Tiz3=10s & 10s

(B) Tws=8s & I2s

(C) Tva=8s & I6s

Smax=100 & 100 L Smex = 10 & 100 Smax=10_&100

9 [ I° 1 ' [ 90 [ | T | 90° [ lu 1 | [ .

80° 80" 80° :

70° 70° 70°)
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) 50° 50°p
2 50° 0 i
2 ac 407 a0} R
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8 307 4 30} -4 30°+ -
5
2 207 4 20 - 20°- ~
o
s 10°F -4 100k 4 0ok s

oelt 1 1 s | IR ottt 1 | o° Ty by
(o) 05 1.0 o 05 1.0 o 05 10

Energy Ratio, Es/(Ea+Es)
B-14 FERR27 AR XD THEBEBROFEI A 6.

AP T, BF BOEFHOFHNAYPLEE LTV B,
RoAfQOBER, —20uFORMOAARYHARL
1 DTH D, HAEFEOSE LV EFONOB AT
RBoEFFHABCHT s 0L rER—TH Y,
ARMOEHOEBIAL Bbh b, HREPENRR

HEE, —ReHEEPEORGEROH HIRERE
ExESE s TEbIhD, FHERMI IKOWTIZE D
EEpEVIRED, EHEEO, TOVWTIRFE LV,

B-10 ic 5\ T BFOASREHA &3 IER UE LR =
Licow, BHHOEEE Snax ODRBOEBHE T

—_ RS —
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AbHLE-Th®dEELLR D,

3.3 —HEHBROHFERE

B DR-2DWBE DM &I\ T I Dig i
Thdr L0 #HELIERNE-13,14 TH 2, %
BT A—Z— 323 THRUIC X 51T 2=45° % §h &
LTHHETH D, 2=45° DL X3 BfE=F ¥ —Hic
FWTr=1L,ies, Zo=xAF—ii, HAUBEOH
AR TH UL 5120,=0 :c B =FAF¥F—HT
BHY, HEARZ b AR FSTBABZOWTHI D
ERBERCED bR 5,

—77, T 6, 13 2=(04—05)/2 #10° 75 90°
E > THAT O CHRIBCHEMT 5, 7, 24
90° IV E (L 0=0 Lich =2 AF —hDFET 6,
BIRA LD Tl L, ZHAOHEROHAEPFES X
VAR RIS & &3, QODEI/NIWEEE=R0
F—HMN 025 1iIcHin T3 ohT 0, Hi8FH A
THEEDHDB, WTRIELTH, B2 Xhd
KEIeflid & Do —HABEBAROEE D 6, 13 Smax ¥ X
O fmaxlfy DEZ X > TELT 5N E S, BRIk
EhfHL B BETH->TH 0, 12 50° BjtTH 5 DT,
Fo LUK 6, 2160° AR B & Fik HEBBER THS
ZENHERTE Bo

7ok, B-13,14 L =R AF~A0 /it licks
I5rBX00 DENRY —ZA@~C) TR -T\v D=

i, COBfESREIC ST BEROLBREY fmax=

0.5Hz KEE Liclcd TH B, Tiebd, BEHEERAE
Ty 3=8~16s EEX IcZ LI X D fmax/fp DIEN K 7 —
AR L > TRILHIIDTH B,

3.4 EHEZRY MLICHT BFHREK

Longuet-Higgins DI T3, Iz ki3 551E
A7+ ADELDEELEE & LTSRS~
XoTEHEEND, WEREELRRE L, Haaks
LTCcos>0 BEEx2 5L, AIDE— 4 v AR
52 &1 X - CREESE RO X > EHEIR2,

4t m, 27 ()l 72 1
o= g 71'[(211 1)"] 2n+1" a2

F7u, b OFBBERCHIET 5 FEREKY f 45
LEfr=gk|(47%) TH B h b,

f-:‘fmo,zco(n)- 73)
I, N
Smo, x=«/m2/mo . (74)
(Zn)l !
G(n)= \/1(2”4_1) Gr—DIT" 75)

03 %’ fmo.z 01%&&1‘\ VA W%/ E) Rice Dﬂﬁyc
Lo THEINBERT » 77 v ADOFHBPHEHCTH Y,

H B =

Go(m) B HASHOFET X 5 FERAERDERRYE
bT. RETHL, RENLnofEcHLTERDL %
fEn B LR 5,

n=1 : G,(1)=0.9213,

n=2 : G,(2)=0.9515,

#=5 : G,(5)=0.9776,

n=10: G,(10)=0.9882.

HEAR7 b rDE— 2 v bEHEORE TLE AR
BT 5o 0 LREN f=0 THBITHRE D, ERI
BROM fmax T EEE D, ZDledd, FHERESL
O fmon V3 Smax/fp OBETERMBAR & 75, LML, F
BB A cos 0 DHDIFE, FHEDHO FEIREO
LB D Fmaxlfp CBIGR LTSV

MEAN FREQUENCY
BY SPECTRUM

(76)

1.4
13 =
fmoaTir3 //

1.2 /

1
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1.0 1

.\\'\4 Snu:'OO
0.9 ~ T 2%

f/fmo'z N

\ T 1o

08 S
au
T 5
o7
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[ 2 5 10 20
fmax/ fo
E-15 XHEBF A7 + L DFH
AT

—7, XBRGRBEEOBE I, HEAsHokEs
Smax DHE T fmax/fp T X > THELT S, “hw
HBEBTEA X7 b A OBERSC X > THEREEHN
Bi-15 ¢h %, ROEFB13E¥RT o 77 v ADFHE
BB frno,e DNABEED EIRIE frmax/fp 12 X » T EHEF
HRLICSDTH D, TEFRIF AN HOEEY Flfno:
DHELTERRLALLDTH B, RlD cos 0 FofF
N, EHBFFEBEH T RamoEE E B
3‘16 ZENRHLMNTH B,

KZHAERRCOVWTE L B, FEEHROSBUE
o%Aui&m» 04=0, 05=—QTH5H L LT, Fi5
BEEIRATEL RS,
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F5 Bk w A el EHEE S R O BRI E

F= E‘éi—igﬂfi’x«/cosg an
A B

EROEADDE,, Ex SUH BRI EATIRRDTIER
BrE52 5RPEAETHH, BRAOHEHIVcos T
CEsTHRbENDB, KBERFEAR7 + L EFEOWER
FOWTHEHEX TS &, B-160&RE1 B 5,
OB Ta=Ts, Es=Es ORFHHOFETERRIC
SWTEEEAER f # KD, Chux¥e7 T 7aA0
SERABEE fro THRUI(EY 2=(04—05)/2 1ZF LT
Try b LAbOTHD, HAEFEDE Smax=100
OES I BRI (Point Spectra) *i2EAFRAUT
55D, Smax=10 DFAITIT HEDHEDIDITFE
FRABEBOERISKELL>T 5,

SYMMETRIC WAVE SYSTEM

1.0 —J T T ] 7
- [ _Point N
£ — Spectra |

f'“o,z
- Smax =100 -
&
05— 100 —
— Smul=|08|o -
fmax/fp=5.25
ol + I v v I v
Q° 30° 60° 90°

1=(8a-88)/2
Ba-16 FF 5 EIE RO E

4. KEEHMOHAIC K 3 RAL LV HREFE
DHE

4.1 #AFEZRAVIEEAG L UHSMEREOET
FEE COBRITXTCHAAR?Z b E(Lm) 1
12 S(f,0) M DBETH B, L L, FAARZ b
A DEHIT I s ) OBMEH HEY LB E T 5, BHEEH
DOEBCEVWTRY T4 A CHEAYHRETS LN
FHAINDZOT, FRIANZ b ARHATAC LR LI
Bk X UHEEDEARD ShIEEHTH 5, =D
—D0HEZ, Al6)T—RIRRINHHERETOR
FNF— 20k AVDZ ETH Do

WE, ZOoDBRINTF-s2% (0L, BhEc
2R 5 X EBE R Ty(n) TRETHE, BEOE
HeErERETH LT

W(;(""):’*Ct(t)cj(t"'f)

=hm—§ LT+t @8)

TZT ROERA L't HIlxiED 5 L ROERNED

ha5,
Ti(0)= 5 T KK, @ cos (gt wie).  (79)
HHNIRUTEREND AR FAZHALT
lFi,(r)=§:S;K¢K,S°(m,0)cos (¢;— i+ wr) do do.
(80)
iz, BhEMO oS EE LB L
¥ (0=cos (,—90| | KiK,S.(0,6) do do.
6D
ST, F1OEEER L HEERAYBRBL, HEH
B IO MEFEOHECHELHRARI PO 0~
2RE- A VIDOEHEARXRETH L, EROMERL
LTRKDX 5 tiREOEAGENE L bR,
A. K ETEE & XHEEM 2 B
B. K b & AR FEE 2 5
C. KEZE) & KB TFHE 2 5
SRBIVTRY (8% ¢ —¢ 210 Ehud T OEE
BTHD fc& ¥, ADKAEETEE L AKEEMNOH
HROBEIT '
Ci=n, K=o, é=r/2,
L=, Ky=kcosl, ¢,=n/2, (82)
{=n,, Ki=ksin8, ¢,=r/2.
LichioT, #OBUIRD X 5iTic 5,
7. @= 7 ={| 0'5.0,0) a0 a0,

¥(0)=72,= S, (w,0)k cos 8 df dw,
0

(0 =n2,= 0S,(w,8)ksin 8 df do,
0

Teu(®)= 7% = 20 df dw,

Uy (0)=7,7, = S.((w, 0)k*cosfsinfd df dw,

0

Tyu(0)= ’)v S.(w, 8)k? sin %0 db dw.
(83)
R - FRAERRO ARARZ + i S((w,0) O
Bz, XR610BGY AV CERZEMcoF MR b
n E(l,m) ORI ERTE S, Z ORBR,

S W E(l, m) dl dm=T,

=1
=1
[°1 s.@, 00k cos
=1
=1

0

wE(l, m)l dl dm="17,,

ME=

o ro > (84)
Miy= E(l, m)P dl dra=TL,
M= Y E(, m)ilm dl dm= ’]:Vm

az={

m={

[~ oEU mym dram="1,,
=14
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MJ:S:S:,E(I, m)m? dl dm=n}. J

RBADHEARI bADE—2 VD5 L st Ui
H DITRNYDAKDER & @ H B\ it 0 LT Ris
> TWwh, Linl, ZOEZVHIZAFEEARZ b
HRDETH > CHEBROHEHXEIET S & OTiRis\
o, WHROHETEIZS LTREEN P D LHERX
b, 22T, K@D DE—2v &R A DRAL
LTAY, ERk IUHAEFELYRD D L1 5,
Z DR, FHER R XIOCEEROEER ¥ S HOH
TELERDI>IT b,

O=tan1(122), (85)
7747):

1o 207

0,=1tan (77_2;77_7) (86)

BEEARTA—&— 7R (27) D My, My, My, % 3K
(84) CEEH%, THIHAO IR GO DE—2 v}
¥R UK (84) TRBEHRL TEHET 2,

ek, HAAARZ P ADBIEREEDE— 2 v & {H-
THEEPS LOHEEPERELRD S Z &1k, XED
2 AKX FEEMEEOBIMCE L THER LS
CHELILDTH D,

Ehi, FHEBICOWTIL ME »s o2, MY & ME»
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